The two styryl dyes, 4-dicyanomethylene-2-methyl-6-p-dimethylaminostyryl-4H-pyran (DCM) and 7-dimethylamino-3-(p-formylstyryl)-l, 4-benzoxazin-2-one (DFSBO) exhibit similar solvent-induced shifts of their absorption and emission spectra related to a large intramolecular charge transfer (ICT) (chloroform, tetrahydrofuran), DFSBO does not photoisomerize probably due to steric hindrance and to the $1 character which should be more "benzoxazinone" than ethylenic.
INTRODUCTION
The two styryl dye molecules, 4-dicyanomethylene-2-methyl-6-p-dimethylaminostyryl-4H-pyran (DCM) and 7-dimethyl-amino-3-(p-formylstyryl)-l,4-benzoxazin-2-one (DFSBO) have very similar absorption spectrum maxima in the 450-500 nm range which depend strongly on the solvent polarity. It was interesting to compare their photophysical and photochemical properties since DCM is a widely used laser dye 1'2 because of its broad tunability and high conversion efficiency under flashlamp, 3'4 XeC1, 5 argon ion laser, 6 second harmonic output of a Q-switched Nd" YAG laser 7'8 and copper vapor laser 9'1 pumping. DCM spectral properties are remarkable as regards the weak overlap between the absorption spectrum and the emission spectrum, i.e. to the large Stokes shift (VA re) 3 which is also valuable in luminescent solar concentrators. [1] [2] [3] [4] The DCM spectral shift of the absorption and fluorescence spectra with solvent polarity [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] is related to the intramolecular charge transfer due to the presence of an electron donor group and an electron acceptor group on each side of the ethylenic bond. 24 In a preliminary study, 8 37 A good correlation was found between the wavenumber of the fluorescence maximum and r* in aprotic solvents. Despite the small overlap between the absorption spectrum and the emission spectrum and the high fluorescence quantum yield, 37 DFSBO did not show a high laser yield under N2 laser or 532 nm pumping. 38 
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In the present paper in the light of our recent DCM results, 23 we present some new data on DCM and extend our study to DFSBO. We thus gained a better understanding of the effects of the molecular structure and of the solvent which may help to design suitable styryl dye molecules possessing appropriate photochemical reactivity and laser properties.
EXPERIMENTAL SECTION
The nanosecond laser absorption spectroscopy setup has already been described. 39 The DCM and DFSBO triplet states were populated via triplet-triplet energy transfer from naphthalene which was excited by the 4 th harmonic of a Q-switched Nd: YAG laser. 23 Fluorescence decay profiles were obtained using a TCSPC apparatus which has been described elsewhere. 2 at ---320 and 250 nm which are well separated from the first one. This behaviour is very different from that met in DCM which presents badly defined absorption bands below 400 nm. 23 The DFSBO absorption spectrum is reminiscent of the absorption spectra of homologous benzoxazinone derivatives which do not possess the pformylstyryl group in the 3-position. 38 Although the DFSBO absorption and fluorescence spectra are largely red-shifted with respect to those of the Table I and Figure 2 . XR is to be used for the red shift of the absorption maximum of weakly polar merocyanine dyes in solvents of increasing polarity. 47 The plot of EA ( (2) The fact that the slopes are equal is fortuitous but it shows that both dyes absorption spectra behave similarly with respect to the solvent polarity. The observed red shift of the absorption maximum arises from the combination of a blue shift due to the stabilization of the electronic ground state induced by the orientation of the solvent molecules around the solute and a red shift due to the stabilization of the FranckCondon electronic excited singlet state resulting from the electronic polarization of the solvent (dispersion term). Short range interactions such as hydrogen bonding are not taken into account as one can see in Figure 2 for n-alcohols (solvents [20] [21] [22] [23] [24] which induce a slightly different behaviour. The effect of the solvent electronic polarization can be expressed following the theory based on the reaction field of
Onsager that Bayliss applied to merocyanines in apolar solvents. 48 The plot of the (3) We have also estimated the effect of the electron acceptor group (CHO) on the absorption transition maximum by calculating in acetonitrile the difference (2.6 kcal.mo1-1) between the energies of the absorption transition maxima of DFSBO, ,max 484 nm, i.e, EA 59.1 kcal.mo1-1 (this work) and BOZ-H or 7-dimethylamino-3-styryl-l,4-benzoxazin-2-one, .max 463 nm, i.e, EA 61.7 kcal. mo1-1.49 It must be emphasized that the simple picture of a charge transfer from the dimethylamino electron donor group to the formyl electron acceptor end group is not correct since the para-substitution of the styryl by a dimethylamino group gives a compound BOZ-NMez which exhibits a greater red shift of the absorption maximum,/max 488 nm, i.e., EA 58.6 kcal.mol-1. 49 Fluorescence Spectra Pure solvents The DFSBO fluorescence spectra are largely red shifted with respect to its absorption spectra. 37 The wavelengths of the fluorescence maxima kF in 28 solvents are gathered in Table 1 Figure 5 and Figure 6 . These curves are of a particular interest if by using a solvent mixture one intends to shift the DCM absorption spectrum for a better pumping by a copper vapor laser for example or to get more gain at a particular wavelength in the red. DFSBO Fluorescence and Excitation Spectra As we indicated above, the maxima and the bandwidths (FWHM) of the DFSBO fluorescence spectra depend largely on the excitation wavelength ( Table 3 ). The fluorescence and excitation spectra of DFSBO in butyl acetate solution are given as an example in Figure 7 . In non polar solvants, isooctane, CC14, trichloroethylene, the number and the intensity of well resolved vibronic bands dramatically depend on the observation wavelength. The DFSBO fluorescence spectra in isooctane solution are given in Figure 8a , for two excitation wavelengths 420 and 490 nm. When exciting at 490 nm, the first fluorescence band at 479 nm completely disappears but the band at 534 nm increases significantly. The DFSBO excitation and absorption spectra in isooctane solution given in Figure 8b and c show also distinct features. The excitation wavelength dependent fluorescence spectra cannot be interpreted on the basis of "edge-excitation-red-shifts" which are sometimes observed in viscous solvents when the solvent reorientation process is much slower than the emission process. 51 '52 The reorientation time constant of the molecules of the low viscosity solvents under study In order to ascertain that the 52 ps lifetime transient absorbance was that of the DFSBO triplet state, we also used naphthalene as a sensitizer in triplet-triplet energy transfer experiments as we did before in the case of DCM. 23 The kinetics of the energy transfer was analyzed at 480 nm, the wavelength of the absorption maximum of the DFSBO ground state which gave a better signal. The Figure 12 .
The DFSBO intersystem crossing quantum yield Sxrl was then calculated using 3,3'-diethyloxadicarbocyanine iodide (DODCI) as an actinometer. 23 (Figure 13 ). In their first excited singlet state $1, the polar form B is predominant. The opposite is true in the ground state. A large Stokes shift is thus observed in coumarine derivatives, particularly coumarins substituted by an heterocyclic substituent into the 3-position (coumarin 6, coumarin 30). 58 As we indicated above, the simple picture of a charge transfer from the dimethylamino group of the benzoxazinone to the formyl end group is not correct since the para-substitution of the styryl by a dimethylamino group gave an even greater red shift of the absorption maximum. The large Stokes shift of DFSBO has thus a different origin from that of DCM and we conclude that the predominant mesomeric forms of DFSBO and DCM are those represented in Figure 13 and Figure   14 .
Let us now come back to the fluorescence and excitation spectra of DFSBO in non viscous solvents. They are dramatically dependent on the observation wavelength. We ascribed the band shifts and the different vibronic bands observed to several configurations of DFSBO. Because we have now rejected the hypothesis of a cis-isomer formation, we believe that these configurations are those of two rotamers resulting from the rotation of the benzoxazinone moiety around the single bond. The occurrence of the rotamers of trans-diarylethylenes is well documented. [42] [43] [44] [45] [46] [59] [60] [61] [62] [63] [64] The rotamers of compounds which exhibit a variation in the fluorescence spectrum with the excitation wavelength should be almost isoenergetic, 63 i.e., they must show a similar steric interaction. One of the two DFSBO rotamers might be stabilized by intramolecular hydrogen bonding, as indicated in Figure 15 . The mesomeric form (B) (Figure 13 ) probably favours this intramolecular hydrogen bonding. In many cases a two exponentials decay has been observed in the fluorescence of transdiarylethylenes. 42-44'46'61'63'64 The existence of rotamers is reinforced by the recent observation of a two exponentials decay in cyclohexane according to very recent experiments of Valeur et al. 65 Several simultaneous processes including solvent relaxation probably blurred the analysis in more polar solvents. We believe that the different behaviour of DFSBO with respect to DCM is related to the "benzoxazinone" rather than ethylenic character of the first singlet excited state of DFSBO.
We have also explained the poor laser action of DFSBO by the significant quantum yield of intersystem crossing to the triplet state and by the high molar extinction coefficient of the triplet state in the emission wavelength range.
